With increasing population of both non-road and on-road diesel vehicles, the adverse effects of PM and its compositions (such as elemental carbon (EC), 20 polycyclic aromatic hydrocarbons (PAHs)) on air quality and human health get more and more attention. However, characteristics of PM and its compositions emitted from diesel vehicles, particularly measured under real-world condition, are scarce. In this study, six excavators and five trucks, involving wide-range emission standards and working in different operating modes, were tested to characterize constituents of PM 25 (including organic carbon (OC), EC, water soluble ions (WSIs), elements, and organic species such as PAHs, n-alkanes, hopanes and steranes). The average emission factors Atmos. Chem. Phys. Discuss., of PM (EF PM ) for excavators and trucks were 829 ± 806 and 498 ± 234 mg· kg -1 fuel, respectively, which are comparable with other studies. However, EF PM was significantly affected by fuel quality, operating modes and emission standards. High correlation (R 2 =0.79, p<0.01) existed between the EF PM for excavators and the sulfur contents in fuel. The highest average EF PM under working mode for excavators was 5 904 ± 979 mg· kg -1 fuel due to high engine load under this mode. From pre-stage 1 to stage 2 excavators, the average EF PM for excavators with different emission standards decreased by 58 %. Similarly, for trucks the average EF PM under non-highway condition (548 ± 311 mg· kg -1 fuel) was higher than those under highway condition (497 ± 231 mg· kg -1 fuel). Meanwhile, reductions from China II and China III to China 10 IV trucks were 63.5 % and 65.6 %, respectively. Generally, PM compositions emitted from excavators dominated by OC (39.2 % ± 21.0 %), EC (33.3 % ± 25.9 %), and while for trucks, PM dominated by EC (26.9 % ± 20.8 %), OC (9.89 % ± 12 %) and WSIs (4.67 % ± 5.74 %). Several differences of compositions were observed among various operating modes, emission standards and fuel quality. The average OC/EC 15
Average fuel-based emission factors for excavators and trucks
The average fuel-based emission factor for each excavator under different operating modes calculated by follows: 20 (4) Where EF i,j (g· kg -1 fuel) is the average emission factor of species i for excavator j, EF i,j,g (g· kg -1 fuel) represents emission factor of species i for excavator j under g mode, and P j,g (%) is proportion of activity time (Fu et al., 2012) for excavator j under g mode. 25 The average fuel-based emission factor for each truck under different driving conditions calculated by follows:
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Where EF i,j (g· kg -1 fuel) is the average emission factor of species i for excavator j, EF i,j,s (g· kg -1 fuel) represents emission factor of species i for excavator j under s condition, and P j,s (%) is proportion of activity time for truck j under s condition .
Benzo[a]pyrene equivalent concentration (BaP eq ) 5
Because of different carcinogenic risks for each PAH, the BaP eq for parent PAHs were given. The BaPeq was calculated by multiplication of the measured concentrations by the respective potency equivalent factor (PEF) (Mirante et al., 2013) . The PEF values were obtained from Wang et al. (2008) .
3 Results and discussion 10 3.1 Particulate matter fuel-based emission factors for excavators EF PM for excavators exhaust are presented in Figure 3 , with the detailed information shown in Table S1 . The maximum PM fuel-based emission factor was almost 37 times higher than the minimum under different operating modes for different vehicles. In general, the average EF PM for different excavators ranged from 15 96.5 to 2323 mg· kg -1 · fuel, with an average of 829 ± 806 mg· kg -1 fuel. The EF PM values of excavators reported by Fu et al. (2012) were within the range of EF PM in this study but in a narrower range. The reason for the more widely ranged EF PM in this study may be that the selection of excavators. The excavators selected by Fu et al.
included stage 1 and stage 2 emission standards, while this study tested excavators 20 pre-stage 1 and stage 2 emission standards. Therefore, the range of EF PM in this study may reflect the general excavator's PM emission situation in China. EF PM could be affected by many factors. Some variation characteristics about the EF PM values due to the different fuel quality, emission standards and operating modes were summarized as follows. Firstly, fuel quality has great impact on EF PM for 25 excavators. As shown from Figure 3, high correlation (R 2 =0.79, P<0.01) was found between the average emission factors for excavators and the sulfur content in fuel, which is consistent with the results studied from Yu et al. (2007) . Secondly, EF PM decreased with enhancing of emission standards for excavators. The measured EF PM Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -1038 , 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 6 December 2016 c Author(s) 2016. CC-BY 3.0 License.
for pre-stage 1 excavators under idling, moving and working conditions were 914 ± 393 mg· kg -1 fuel, 609 ± 38 mg· kg -1 fuel and 1258 ± 1295 mg· kg -1 fuel, respectively.
The EF PM for stage 2 excavators under idling, moving and working conditions were 243 ± 236 mg· kg -1 fuel, 165 ± 144 mg· kg -1 fuel and 551 ± 587 mg· kg -1 fuel, respectively. Compared to pre-stage 1, EF PM of stage 2 excavators reduced 73 %, 73 % 5 and 56 % in idling, moving and working modes, respectively. The average EF PM for excavators of different emission standards decreased 58 % from pre-stage 1 to stage 2, suggesting the effectiveness of emission control policy. Lastly, EF PM varied sharply between different operating modes for various excavators. Specifically, excavators under working modes have the highest EF PM , which is higher than the value for other 10 operating modes by more than 1 fold. The average EF PM for excavators under different driving conditions were 578 ± 467 mg· kg -1 fuel (idling), 343 ± 264 mg· kg -1 fuel (moving) and 904 ± 979 mg· kg -1 fuel (working), respectively. The highest average EF PM under working mode might be attributed to higher engine load, which causes lower air-fuel ratios and then prompted the PM production. 
Particulate matter fueled-based emission factors for trucks
The EF PM for all measured trucks under different driving patterns varied from 176 mg· kg -1 fuel to 951 mg· kg -1 fuel. There were just tripled in PM emission factors for trucks from maximum to minimum. The average EF PM for tested diesel trucks was Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -1038 , 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 6 December 2016 c Author(s) 2016. CC-BY 3.0 License. mg· kg -1 fuel and 497 ± 231 mg· kg -1 fuel, respectively. As Figure 4 shows, reductions of EF PM for China II truck to China IV truck and from China III truck to China IV truck in EF PM were 63.5 % and 65.6 %, which indicated that improvements of emission standards for diesel trucks significantly decreased PM emission. It should be noticed that EF PM for China III and light-duty diesel trucks were higher than other 5 corresponding trucks. The reason may be attributed to poor driving conditions that include low average speed and more volatile in speed for those trucks ( Figure S2 and Figure S3 ). Same tendency could be seen from Figure 4 that diesel trucks emitted more PM under non-highway condition (average speed: 28.5 km· h -1 ) than those under highway condition (average speed: 60.7 km· h -1 ). Furthermore, the road grade was an 10 another aspect effected the EF PM of on-road diesel trucks. For example, EF PM for T5 under highway road was lower than those for T1 because of bigger road grade for T5 under highway road than those for T1 ( Figure S3 ). 
Particulate matter composition for individual diesel vehicle

Particulate matter composition for individual excavator
The chemical composition of PM for each excavator was shown in Figure 5 and Table S2 . For each excavator, carbon component (OM+EC) was the dominant species, consisted with previous study from a non-road diesel generator that had found the of PM, which was lower than the results obtained from this study. The main reasons are the low sulfur diesel fuel used in Liang's study and different methods used in obtained the PM. Contrary to what was observed for WISs and elements, Figure 5 showed that n-alkanes, hopane and steranes fractions were highest in excavator E4
while PAHs fraction was highest in excavator E3. It was said by Rogge et al. (1993) 5 that n-alkanes, PAHs, hopane and steranes are mostly derived from incomplete combustion of fuel and lubricant oil. By comparing the differences between fuel quality and performance of excavators, it could be deduced that n-alkanes, hopane and steranes were influenced by fuel quality and PAHs was affected by combustion conditions in this study. PAHs isomer ratios have been widely used to distinguish the lower than those reported in previous studies (Chow et al., 2011 , Wu et al., 2015 . The reason may be mainly attributed to the detection methods for organic carbon and elements carbon. Cheng et al. (2011) collected 333 PM 2.5 samples and analyzed OC and EC by two common thermal-optical methods (NIOSH and IMPROVE) and found that NIOSH-defined EC was lower (up to 80 %) than that defined by IMPROVE. The 5 thermal-optical method used in this study was IMPROVE, which would make content of OC under evaluated. Almost all OC/EC ratios for diesel trucks under different driving conditions calculated in this study were lower than 1, which was consistent with the conclusion from previous studies ( Figure 6 ), except for the T2 and T4 trucks.
The OC/EC ratios for T2 under highway and non-highway driving conditions were (2015) reported that the OC/EC ratios were substantially above unity at idling and low 15 load. As shown from Figure S2 , the driving speed for T4 was zero in 500 seconds before driving.
Sum of WISs and elements fractions were lower than 5 % for almost all of the diesel trucks except for T2 truck, consistent with the results gained from Zhang et al. the most significant component of PM after OC and it was higher by a factor of 4 to 10 than those in other trucks (Table S2 ). T2 truck is a China IV diesel vehicle and well-controlled combustion conditions caused more water emission, which accelerate the translation from gas to WISs (such as SO 2 translate to SO 2-4 ). As we can see from 25 shown in Table S2 , C20 was the most abundant species in n-alkanes for truck T1, T2
and T4, while C19 was the most abundant species for truck T3 and T5. For PAHs, the most notable species was Pyrene, which was substantially higher than all other PAHs for all trucks. The proportions of n-alkanes, PAHs, hopane and steranes to PM were highest for truck T3, which may be affected by many factors, such as differences in Table 3 showed that the proportion of n-alkanes in PM for excavators (5.14 %) was higher than those for other organic matters (PAHs: 0.098 %;
hopane and sterane: 0.026 %), and C20 and C19 were maximum carbon in n-alkanes.
25
For the parent PAHs, the emissions were dominated by Pry and Fluo, followed by Nap and Chry.
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